Abbreviation Key: HA = total heart area; LVA = left ventricular area; PRVA = percentage right ventricle area; PRVW = percentage right ventricle weight of total heart weight; RVA = right ventricular area; RVW = right ventricle weight; THW = total heart weight. ABSTRACT Ascites syndrome in broiler chickens is defined as a condition associated with pulmonary hypertension leading to right heart failure, increased central venous pressure, passive congestion of the liver, and accumulations of serous fluids in body cavities. The syndrome is currently seen in fast-growing broiler chickens associated with an increase in the weight, volume, and area of the right ventricle of the heart. The ratio of the right ventricle weight to the total heart mass has been used to assess the consequences of increased blood pressure. The right ventricle area (RVA) can be quantified using image analysis technology. Hearts were removed from 719 male broilers at slaughter (42 d). All birds were visually scored for the incidence of ascites. A score of 0 or 1 represented slight hydropericardium, slight right heart hypertrophy, and slight edema. A score of 4 was assigned to birds with marked accumulation of ascitic fluid in one or more ceolomic cavities, pronounced dilation of the right heart, and prominent liver lesions. A cross-sectional image of each heart slice (a 4-mm-thick slice of the ventricles) was digitally recorded. Using image analysis software, the RVA, left ventricular area (LVA), and total heart area (HA) were determined. Because a slice of the heart was used in image analysis, the importance of maintaining the original shape was determined. Twenty hearts in five ranges of RVA size were scanned in four different positions, which have differing heart slice orientations and differing RVA shapes, for a comparison of positioning technique (placement) relating to the RVA. The shape of the heart slice for image analysis was observed not to be critical for the small RVA. For heart slices with large RVA values, it was found to be critical to analyze the heart slice in a standardized placement.
INTRODUCTION
Ascites syndrome is a condition in which the body cavity is filled with serous fluid, leading to death or potential carcass condemnation. It is a symptom of cardiopulmonary insufficiency in rapidly growing broiler chickens (Julian, 1993) . Several situations are known to influence the occurrence of ascites in broilers: the housing environment (temperature levels, respirable dust, carbon dioxide, and oxygen), rapid growth rates, high basal metabolic rate, and high energy rations (Scheele et al., 1991; Julian, 1993) . Physiologically, these conditions can create an oxygen deficit, which results in an increased cardiac output. The increase in blood flow results in increased pulmonary arterial pressure. The oxygen deficit causes increased hemoglobin concentration, packed cell volume, and erythrocyte number. These changes result in higher blood viscosity and may lead to pulmonary hypertension (Mirsalimi et al., 1993) . Primary pulmonary hypertension triggers a pathophysiological progression leading sequentially to right-sided congestive heart failure, central venous congestion, pressureinduced cirrhosis of the liver, and transudation of fluid into the abdominal cavity (ascites) (Witzel et al., 1990; Julian, 1993; Wideman et al., 1995) .
Historically, the ratio of the right ventricle to the total ventricle mass has been used to quantitatively correlate the increased blood pressure in the right ventricle (Julian et al., 1986) . As the right ventricle enlarges as a result of increasing blood pressure and increasing blood flow, the volume of blood the right ventricle can hold also increases. The ratio of the right ventricle to the total ventricle mass is a gross indicator of ascites. The objective of this trial was to test the accuracy and A comparison the positioning technique of a cross section of the heart for image analysis: a) Position of transverse cuts made on the heart. b) A cross section of the heart for analysis of the right ventricle area, left ventricle area, and total heart area. Placement is defined as the orientation of the slice and the shape of the right ventricle area. Each heart slice had four placements. c) In two of the four heart placements, hearts were orientated with the atria side up (1) and two of the four heart placements were orientated with the ventricle side up (2). d) For each orientation, the right ventricle wall was extended vertically (1) in a natural heart shape and extended horizontally (2).
efficiency of using image analysis technology to quantify the extent of right ventricular area (RVA) expansion in relation to the incidence of ascites. Although an enlarged ascitic heart has a large right ventricle that can be seen with the naked eye, image analysis software can magnify the heart by an additional 40%, allowing for an accurate quantification of the RVA. The increased range of RVA values gives a wide distribution that allows the severity of ascites syndrome to be identified.
MATERIALS AND METHODS
Two flocks of 400 male broilers were housed in four pens of 100 birds each. All birds received a standard pelleted broiler starter diet (3,250 kcal ME/ kg of diet, 23% CP) from 1 to 3 wk of age. A grower diet (3,250 kcal ME/ kg of diet, 21% CP) was fed from 4 to 5 wk of age. A finisher diet (3,250 kcal ME/ kg of diet, 19% CP) was fed during Week 6. A record of the ambient temperature at bird level and mortality was maintained throughout the trial. All mortalities were necropsied to determine cause of death. Hearts of the birds that died during the trial were examined for right ventricular dilation.
Seven hundred and nineteen male broiler hearts were collected from the birds at processing on Day 42. All birds were scored for the incidence of ascites (Table 1) . A transverse cut was made on all hearts just below the tricuspid and right atrio-ventricular valves and a second transverse cut was made at the stem of the papillary muscle (Figure 1a) . From the 4-mm slice, a crosssectional image (Figure 1b ) of each heart was digitally recorded and using image analysis software (Northern Exposure, 1996) . 2 The RVA, left ventricular area (LVA), and total heart area (HA) were determined. The right ventricular wall was removed and its weight (RVW) was determined and expressed as a percentage of total heart weight (PRVW).
To confirm that the shape of the ventricle wall did not significantly affect the RVA, 20 of the heart crosssections were further studied in five RVA categories, ranging from small to large. These were obtained by sorting the heart slices, based on RVA in ascending order and then dividing them into five groups. Groups 1, 2, 3, 4, and 5 had average RVA of 0.13, 0.20, 0.25, 0.36, and 1.07 cm 2 , respectively. To determine the consistency of the RVA in different placements, each of the four hearts was placed beneath the camera and digitally recorded for image analysis four times with four slightly varied right ventricle shapes. Two of the four place- a-c Means in the same column within a group with no common superscript differ significantly (P < 0.05). All groups were significantly different from one another.
1 Placement is the orientation of the heart for image analysis. The four placements include two orientations with the atria side up, and two orientations with the atria side down, ventricle upward. Each placement had slight differences in the shape of the right and left ventricle wall.
2 Placement 1 is ventricle placed downward with natural extension of the right ventricle. ments were orientated with the slice atria side up and the other two placements were positioned atria side down ( Figure 1c ). Each placement resulted in slight differences in the shape of the extended right and left ventricle walls (Figure 1d ). Right ventricular weight was compared to the RVA. A total of 719 male broilers were used for correlation analysis of score to RVA and RVW. The data were analyzed by one-way analysis of variance with P < 0.05 (SAS Institute, 1991) . Coefficients of correlation including the score, RVA, and RVW were assessed with P < 0.05, using SAS ® (SAS Institute, 1991).
RESULTS AND DISCUSSION
Heart area varied in size from 2.76 cm 2 , in the small RVA group, to 5.00 cm 2 in the large RVA group. The LVA was not different between the groups. The LVA ranged in size from 0.08 to 0.16 cm 2 . The RVA, RVW, total heart weight (THW), ascites score, percentage right ventricular area (PRVA), and PRVW were different between groups (Table 2) . These areas and weights were significantly different because RVA groups were chosen to examine the differences within each Group. Using the data from 719 broilers, there was a significant correlation between ascites score and RVA (r = 0.52). There was also a significant correlation between ascites score and RVW (r = 0.50) (P > 0.0001). The RVA and the RVW were significantly correlated (r = 0.63).
All placements produced similar values for LVA. The HA, RVA, or PRVA values within Groups 1, 2, 3, and 4 were not different using the four different placements. The HA, RVA, and PRVA for Group 5 were different with varying placements (Table 3 ). In Group 3, the PRVA were also different using the four placements. Standardizing the placement of the heart cross-section eliminated differences in RVA, HA, and PRVA for hearts with large right ventricles. Using a standard placement of heart cross-sections improves the consistency of the areas recorded as an assessment of the severity of ascites syndrome.
Image analysis technology provided an exact representation of the heart cross-sectional area. The RVA and RVW were correlated to a broilers ascitic score (r = 0.52 and r = 0.50, respectively). Image analysis was shown to be a valid technique for quantifying the RVA of broiler hearts. Consistent placement is important when heart size or right ventricle size is very enlarged. The image analysis technique shows significant right ventricle enlargements regardless of placement for hearts with large RVA; however, for more accuracy the technique should be standardized. To standardize the technique, the atria side of the heart cross-section should be placed upward and the heart shape should be maintained as natural as possible.
Although the image analysis system is relatively expensive and time-consuming in comparison to using RVW, the digitally recorded images can be reused and reanalyzed over a long period of time.
